Urban development is a global phenomenon. In Johor, especially Nusajaya is one of the most rapidly developing cities. This is due to the increase of land demand and population growth. Moreover, land-use changes are considered to be one of the major components of current environmental monitoring strategies. In this context, image segmentation and mathematical model offers essential tools that can be used to analyze land use detection. The image segmentation process is known as the most important and difficult task in image analysis. Nonlinear fourthorder models had shown to have a good achievement in recovering smooth regions. Therefore, these motivate us to propose a fourth-order modified geodesic active contour (GAC) model. In the proposed model, a modified signed pressure force (SPF) function has been defined to segment the inhomogeneous satellite images. The simulations of the fourth-order modified GAC model through some numerical methods based on the higher-order finite difference method (FDM) have been illustrated. Matlab R2015a software in Windows 7 Ultimate on Intel (R) Core (TM) i5-3230M @ 2.60GHz CPU with 8 GB RAM has been considered as a computational platform for the simulation. Qualitative and quantitative differences between modified SPF functions and other SPF functions have been shown as a comparison. Hence land use detection is very useful for local governments and urban planners to enhance the future sustainable development plans of Nusajaya.
I. INTRODUCTION
Nowadays, land-use changes, increasing due to increases in human activities which then give a big impact on the global environmental changes [1] . Consequently, most ecosystems and the surface of the earth are significantly being modified by different kinds of human activities [1] , [2] especially in forestry and urban development. Several techniques were formulated, applied and evaluated in order to detect the landuse changes [3] , [4] . Recently, image segmentation has been an area of active research in the detection of medical and satellite images. The well-known nonlinear PDE-based tool for image segmentation is known as the geodesic active contour (GAC) model.
The GAC model is also known as an edge-based model [5] - [8] . The GAC model creates an edge indicator that enforces the development contour to the object boundaries [9] - [11] . However, the GAC model has difficulty converging at the right boundaries when it works on images with extreme noise or weak edges. The weaknesses of the GAC model were improved by introducing the shrinkage force. Author in [12] also adopted an error term in the generalized geodesic active contour (GGAC) model in order to detect the multi-connected region of images. This method, however, often suffers from serious problems with boundary leaks in images with weak object boundaries and the contour must be located close to the desired target, or the evolution curve can pitch to a local minimum and converge to the incorrect solution [13] .
To resolve the leakage issue, Chan and Vese suggested a particular case with an active contour approach in which the original image intensity is homogeneity [13] - [15] . The aim of the method proposed by Chan and Vese is to find a contour in the segmented image. If the image intensity is inhomogeneity within or outside the image, the constants are not accurate. The Chan-Vese (CV) model subsequently does not generally segment images with intensity inhomogeneity. Therefore, the local information of the given image should be considered to segment the inhomogeneity images [12] , [13] , [16] . Some researchers have proposed an essential model to extract local information from inhomogeneity images. The proposed model is known as an active contour model based on local image fitting [12] , [13] , [16] . The other proposed model that considered the local information from inhomogeneity images is known as the local signed pressure force (SPF) function which utilized the advantages from both GAC and CV model [11] , [17] , [18] . This model, however, very sensitive to the initial contour placement and if the given images have adjacent objects, then it may cause failure in local segmentation.
Then [19] came up with the idea to resolve this problem by replacing the stopping function with a new global SPF function to effectively stop contours on weak edges. This modification is based on a homogeneous assumption that used the average of the inner and outer intensity of the curve. Therefore, the global SPF function is capable of controlling the evolutionary direction. Although the global SPF function is more efficient and can overcome the high cost of reinitialization, it is limited to segment blurred and complicated images. From this limitation, it motivates us to propose a new modified SPF function that uses the good in local and global SPF function.
The GAC model was investigated as a helpful tool for image segmentation. In this paper, the fourth-order approximation has been implemented on the GAC model to enhance the accuracy of segmentation. The proposed fourthorder modified GAC model is based on the new modified SPF function that uses the edge and region information of the image. Therefore the aim of the proposed modified fourthorder GAC is to have achievement in recovering a smooth region and obtaining a better result in image segmentation. Furthermore, in the numerical part, the higher-order finite difference method (FDM) scheme has been utilized to develop the Penta-diagonal linear system of equation. Although this scheme is generally used in applied mathematics, only a few researchers have used this scheme to solve the image segmentation problem. Therefore, some numerical methods such as AGE, RBGS and JB methods will be used to solve the linear system of equation, which is a stable and easy method to implement.
In general, the purpose of this paper is to propose higherorder PDE-based segmentation to detect and monitor land-use changes in Nusajaya. Thus, the secondary objective is to improve the accuracy of land use segmentation. The rest of this paper is organized as follows. Section 2 is devoted to the descriptive study of the area. Related works on segmentation are presented in Section 3. Section 4 described the proposed segmentation model and some numerical methods. The proposed segmentation model was validated by several experiments and comparison results are presented in Section 5. A brief discussion based on the experiments is described in Section 6. Lastly is the conclusion of this paper as in Section 7.
II. DESCRIPTION OF THE STUDY
The study is located in the Nusajaya region of Johor as shown in Fig. 1 . The new name of Nusajaya is known as Iskandar Puteri. This region has the fastest growing national economy. The Nusajaya region covers an area of 2217 km2 consisting of five local authorities. Furthermore, these five local authorities have five distinctive development points. Thus it guides its overall development. In 2010, Johor Baharu had 14.1kha of natural forest, extending over 38% of its land area. In 2017, it lost 572ha of natural forest. 
III. RELATED WORK

A. The GAC Model
The energy functional of the snake model introduced by Kass et al. (1988) can be simplified as (1) Note that,
E is the internal energy that controls the smoothness of the detected contours and ext E is the external energy that is responsible for drawing contours towards the desired image features. Although (1) is successful due to its simplicity and efficiency, it is not intrinsic and has undesirable properties since it is dependent on the parameterization q, which is not related to the object boundary and it is also unable to change its topology. The active contour model is as follows [20] :
where v is a positive real constant and   I g as stopping functions for instance:
This stopping function   I g is responsible for controlling and stopping the iterative when it arrives at the desired image features. As a result, the edge-based model works well for images with clear edge information, but when it is used for detecting images with high noise and weak or blurred edges, it fails to reach the desired image features.
B. CV Model
Chan and Vese proposed a specific case with an active contour approach in which the original image intensity is uniform [13] - [15] , [21] - [23] . The aim is to find a contour, u in which the given image, I is segmented. The CV model is outlined in the following equation:
where 1  , 2  and  are nonnegative constants. 1 c and 2 c represent the intensity averages for the inner or outer region.
The third term is the regularization length of the curve u. The following equations are defined for 1 c and 2 c :
As in (5) and (6), 1 c and 2 c are referred to both the internal and the external contour global properties of the image contents. If the intensity within or outside contour is not uniform, the constants are not accurate.
C. The Local Region-based Model
The GAC model is easily affected by noise and needs a long execution time, while the CV model is inefficient with intensity inhomogeneity and produces unsatisfactory segmentation results. According to [24] , they have suggested a new local region-based SPF function in order to resolve this problem by replacing the stopping function,   I g and effectively stop the contours even on weak edges. The local region-based SPF function benefits from two smooth constants approximating the image intensities locally inside and outside the contour [24] . The SPF function is defined as
the Gaussian kernel with standard deviation  and * indicates the convolution operator. The denominator in (7) takes the maximum absolute value of the numerator. The SPF function is, therefore, will be derived within the range [-1, 1]. Therefore 1 f and 2 f are defined as follows:
where  is a positive constant. 1 f and 2 f are the intensity averages for the inside and outside contour. Unfortunately, this local region-based SPF function can result in unsuccessful local segmentation when the images have adjacent objects. It is also easily affected by the initial contour placement [9] , [11] .
D. The Global Region-based Model
Consequently [19] proposed a new global SPF function to overcome the problem. Thus, by neglecting the term 
As a result, this global SPF function cannot detect all boundaries. This is due to (10) only using the global intensity information.
IV. PROPOSED MODEL
A. A Novel of Higher-Order Modified GAC Model
This paper proposed a novel of higher-order modified GAC model that utilizes the advantages of the local regionbased model and global region-based model by integrating the local and global intensity information to develop a modified SPF function. The proposed modified SPF function is defined as:
is the adaptive filter weight which helps to enhance the contrast of image. The main aim of modified GAC model is to detect the land-use changes in Nusajaya. The GAC approach allows the connection between the classical snake model (energy minimization) and the geometric active contour model (curve evolution theory). Therefore the GAC model allows stable boundary detection when the images have high gradients and gaps [20] . The main contribution of this paper is the new formulation of the fourthorder modified GAC model to enhance the capability for simulating and segmenting the land use on high-resolution satellite images of Nusajaya. Thus, the fourth-order modified GAC model is considered as follows: and v is the balloon force that controls the contour expansion or shrinkage when the contour is inside or outside the object boundaries. Thus, LCGL spf is the SPF function based on (12) and 2  as the adaptive weight function adopting from [25] which then helps to allocate the role of the local and global SPF function. The following equation illustrates the central difference approximation from second-order to the fourth-order spatial accuracy for the first term of (13) . This can result in approximation in (14) . 
Equation (14) (13) is discretized using a fourth-order central difference formula. Thus, this paper considers developing algorithms of a higher order, in particular, those whose accuracies are enhanced based on higher-order FDM scheme. Therefore, to realize this application, it is important to know that the discretization generates the fourth-order GAC model into a Penta-diagonal, instead of a tri-diagonal system of equations. The smaller truncation error of the fourth-order modified GAC model will give a more accurate representation of the numerical methods. The proposed fourth-order numerical methods are the JB, RBGS, and AGE methods.
B. Fourth-Order Numerical Methods
1) AGE method:
In this paper, with reference to the work done by [26] , the AGE4-PENTA method has been used to solve the fourth-order GAC model. This method is unconditionally stable. AGE is a suitable method because it has low computational complexity [27] . Therefore, the AGE method can be expressed as in the following algorithm: 2) RBGS method: Referring to the general iterative formula for the RBGS method in [28] , the fourth-order RBGS can be expressed as in the equations below: 
C. Implementation
Several steps are involved in this experiment. The experiment starts with reading and converting the highresolution satellite images of Nusajaya from signal to digital data. Then, the initial and boundary conditions of the proposed segmentation model are read and computed. The next step is employing and executing the numerical methods to solve the linear system of equation (LSE) of the fourth-order GAC model until convergence is achieved. Below is the algorithm for the proposed model.
V. EXPERIMENTAL RESULTS
The proposed model is applied to the high-resolution satellite image of Nusajaya adopted from Google Earth. The range of intensities of the image is represented from 0 to 255, while the size in pixels (length × width) of the image is 200x200. The experiments developed by using Matlab R2015a software in Windows 7 Ultimate on Intel (R) Core (TM) i5-3230M @ 2.60GHz CPU with 8 GB RAM. In the proposed www.ijacsa.thesai.org model, the following parameters are used:
A. Comparison with Local Region-Based Model and Global Region-Based Model
In order to test the modified SPF function, the proposed model in (13) will be compared with the local region-based model and global region-based model. A visualization and quantitative analysis based comparison between the segmentation results of four different years of high-resolution satellite images of Nusajaya is obtained. The ground truth images and segmented images are used to calculate the false positive (FP), true positive (TP), false negative (FN), and true negative (TN) [11] , [24] . is the satellite images year 2015, and this image has severe intensity inhomogeneity. The ground truth and the final contour of the proposed model, global region-based model, and the local region-based model are plotted as red contours, blue contours, green contours, and yellow contours, respectively. Fig. 2 reveals that the segmentation results of the global region-based model cannot obtain the correct boundaries for all images since the images have intensity inhomogeneity. Then, the local region-based model is unsatisfactory since this model only uses the local intensity information to classify the images. By integrating the global and local intensity information, the proposed model successfully detects the object boundaries with high accuracy, sensitivity, and specificity. Table I shows a quantitative analysis based on the computed segmentation results from Fig. 2 . As shown in Table I , the proposed modified SPF function provides high accuracy and slightly fewer numbers of iterations and execution time as compared to the methods of [24] and [19] . From the results in Table I , the robustness of the proposed model has been proved to segment the satellite images of Nusajaya with intensity inhomogeneity and weak boundaries and thus better than the other two models. Based on the quantitative analysis results, the proposed model has better accuracy performance than the other two models. This is because the proposed model can separate well the background and foreground of the image and able to converge at the correct boundaries. The execution time and iterations of the segmentation are presented in Table I . The proposed model consumes less time with less number of iterations to obtain satisfactory results. By contrast, from Table I , the local region-based model consumes the longest execution time with the most number of iteration among all the consideration models. So overall, the proposed fourthorder modified GAC model was superior with respect to the accuracy, number of iterations and less execution time.
B. Comparison with a different value of σ
An experiment has been conducted with the satellite images in order to validate the robustness of the proposed fourth-order modified GAC model and its segmentation accuracy with a different value of σ. 
C. Comparison with different Numerical Method
This subsection focuses on the implementation of some numerical methods on the proposed fourth-order modified GAC model. This experiment has been conducted using the following parameters: Table II shows the numerical results for high-resolution satellite images of Nusajaya. As depicted in Table II , the AGE method gives an excellent segmentation performance with less number of iterations, consume less execution time and less error compared to RBGS and JB methods. This clearly validates the superiority of the AGE method in the proposed segmentation model.
VI. DISCUSSION
A. Discussion on the Value of σ
The value of σ plays an important role in the proposed model to segment the high-resolution satellite images of Nusajaya. If the value of σ is too small, the segmentation on land-use changes will not converge at the accurate boundaries. Otherwise, if the value of σ is too high, the results will give less accurate segmentation. In application, this paper suggests that the value of σ should be set in the range between 0.3 and 0.5 for most images. This can be seen in the graph plotted in 
B. Discussion on Numerical Method Implementation
With regard to the rate of convergence, the achievements of the AGE method can be seen clearly from the results in Table II in terms of execution times and number of iterations. For all images, the AGE method is 74.75%-86.30% better than JB method in terms of execution times. AGE method is much better than the RBGS and JB. Even though the RBGS and JB methods are derived from fourth-order approximation of the GAC model, but they are lacking in terms of accuracy due to the rounding off errors that have been accumulated from the start of execution until the end. Amongst all the tested methods, the AGE method still maintains its greater accuracy in all satellite images of Nusajaya. In general, the proposed higher-order PDE-based segmentation employing fourth-order numerical methods provides a class of computationally efficient, convergent and highly accurate solutions for land use segmentation of high-resolution satellite images. Fig. 4 displays the segmentation visualization of land use in Nusajaya. White color is as land use and black color as the land cover. Thus, this can be seen that each year, the land uses become increasing and less land cover which might cause a negative effect on the earth's balance. It can be predicted the land cover in the Nusajaya area might decrease by around 0.87% every year. In the year 2006, the land cover of the Nusajaya area is only 63.17% and the rest is land use. Additionally, every three years, the land cover has been decreased to 62.98% for the year 2009, 60.01% for the year 2012 and 52.75% for the year 2015. 
C. Discussion on Land-use Changes
VII. CONCLUSION
In this paper, there are two contributions. First is the development of modified SPF function which integrates the local and global intensity information to detect land-use changes in Nusajaya. The second contribution is the construction of fourth-order modified GAC model to enhance the accuracy of segmentation. The local intensity information makes the model works well for images with intensity inhomogeneity. Then, the global intensity information helps the model to converge faster. Furthermore, the proposed segmentation model has been implemented with an adaptive filter weight on the SPF function able to smoothly and successfully segment the high-resolution satellite images of Nusajaya. Therefore, the adaptive filter weight helps the proposed segmentation model to avoid expensive computational regularization. Experiments show that the proposed higher-order modified GAC model can accurately segment satellite images with intensity inhomogeneity and weak boundaries. In addition, the implementation of the AGE method of the proposed model is more superior to the other numerical methods. However the value of σ needs to be well chosen depends on the image because the accuracy of segmentation may be affected. In the future, this work will be focused on reducing its computational complexity by implementing high-performance computing into the segmentation process.
